Hannah E. Dohm 34 Pages PURPOSE: The purpose of the study was to determine differences in energy expenditure between sitting and standing conditions in typically sedentary office workers. A secondary purpose of this study was to determine if there are mindset differences with regards to job boredom, job stress, and job satisfaction between conditions. METHODS: Participants (N = 26, 4 males and 22 females) were from two moderately sized communities in the Midwest that had standing desk options available to them. Data was collected using BodyMedia SenseWear armbands for energy expenditure and self-reported Likert-scale surveys for psychological data.
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Introduction
Nearly 70% of adults in the United States are considered to be overweight, with about 38% being obese ("Obesity and Overweight," n.d.) . Obesity can be detrimental to a workplace environment, even increasing rates of workplace injury . It was estimated in 2011 that daily workplace-related energy expenditure has decreased significantly over the last couple decades, which may account for the increase in overweight . In general, the greater the level of physical activity a person does, whether leisure or workplace activity, the greater the reduction of risks such as obesity, diseases, and mortality .
Negative health impacts of sedentary behaviors can be concerning to individuals that continue to increase sedentary activities throughout the day. Sedentary behavior has been found to be associated with mortality risks, whether it be all-cause, CVD-related, or other cause, independent of any other factors ). Additional diseases and risk factors can be associated with sedentary behaviors as well. Site-specific cancers, including colon, ovarian, and endometrial, have been related to increased levels of sedentary activity (Thorp, Owen, Neuhaus, & Dunstan, 2011) . Other studies have reported increased risk for diabetes due to high levels of sedentary behavior . Other conditions including cardiovascular disease, mental disorders, hypertension, and more have been found to increase due to sedentary behavior, independent of physical activity (Thorp, Owen, Neuhaus, & Dunstan, 2011) . If sedentary behaviors are reduced, this may have a positive impact not only on overweight and obesity prevalence, but also decreasing negative health risks as previously mentioned including risk of mortality, mental health concerns, cardiovascular disease, diabetes, various types of cancer, and more.
Despite the implementation of corporate wellness programs designed to address some of the previously mentioned health issues, it appears that employees continue to be sedentary during the vast majority of their workday, especially office workers. This immobility throughout the day results in decreased calories burned (Thompson, Foster, Eide, & Levine, 2008) . In order to decrease sedentary behavior and increase physical activity at work, while not sacrificing work efficiency, alternative work methods have been developed. These methods include devices to increase physical activity or change postural position at the typical workstation. Previous research has determined benefits of both types of changes in the workplace; examples include using a walking/stepping workstation or a simple change in sitting device, i.e. chair versus stability ball. The current focus is to decrease time spent strictly sitting throughout the day. Sitstand desks are a new option that provides the individual the option to sit or stand while remaining able to work at their normal workstation.
Working using a sit-stand desk was found to significantly decrease sitting time in call center workers . Previous research has determined an increase in VO 2 in students between sitting and standing . Increases in VO 2 could equate to additional weight loss while standing rather than sitting. In a study by , participants also reported feeling more comfortable, energized, healthier, more focused, more productive, happier, and less stressed as a result of having the sit-stand device installed at their workstation. The combination of physical and mental health benefits potentially created by decreasing sedentary time is of importance.
Research is needed to determine energy expenditure differences and psychological differences between sitting and standing at work. Few studies exist that have looked at both differences in typically sedentary office workers. Therefore, the purpose of this study was to determine if standing at a workstation increases energy expenditure and improves self-reported levels of job stress, job satisfaction, and job boredom.
Methods

Subjects and Procedures
Participants for this study were current office workers in a variety of career settings that possessed a standing desk option at their workstation prior to enrolling in the study. Multiple versions of standing desks were utilized in the study, but the importance of this study was to determine standing versus sitting outcomes, no changes were made to the equipment available to the individuals. The individuals were required to be able to physically stand during their work in order to participate. The subjects in this study included 26 office workers from various areas of work in two Midwest communities. There were 4 male and 22 female participants, ages ranged from 23 to 62 years old. Data collection took place at the workstation during normal working conditions, during typical working hours. The Institutional Review Board (IRB) at Illinois State University approved the protocol and written informed consent was obtained from each participant before the study.
Subjects participated in two conditions. First, data was collected while sitting at work (without using their standing desk) for 2 days. Following, subjects were allowed to use their standing desk for 2 more days, totaling 4 experimental sessions per participant. Armband usage was restricted to working hours while at workstation, starting with the beginning of the workday and ending at the completion of the work day. Time spent standing was not directed; participants were able to stand as they chose during the standing sessions. Upon completion of each workday, participants completed a survey of measures of job satisfaction, stress, and boredom. Average measurements of the 2 sitting days and 2 standing days were reported.
Equipment and Measures
Energy expenditure was measured utilizing a BodyMedia SenseWear (BodyMedia Inc., Pittsburgh, PA, USA) armband . This armband is worn on the back of the upper left arm. The information collected in an intake data survey (including self-reported measures of height, weight, dominant hand, smoking habits, and date of birth) was utilized to calibrate the armband to the specific participant. The armband sensors include heat-flux, galvanic skin response, and two-way accelerometer. Utilizing the various sensors, the armband provides measures of energy expenditure in the participants. Each participant was provided an armband at the beginning of his or her first testing session; armbands were then collected on the final day of participation. Participants were required to wear the armband during all 4 experimental sessions to compare sitting versus standing energy expenditure.
Data collected from the armbands included various measures on a minute-by-minute basis. The SenseWear software program provided specific measures of total time spent wearing the armband and energy expenditure while wearing the armband. Calculations were performed to determine an average of measured energy expenditure per hour of armband usage. After an average of energy expenditure per hour was determined, an average was calculated for the day.
An average was then calculated per condition. All energy expenditure values reported were in kilocalories per hour from the calculations.
At the end of each session, a survey was provided to gather qualitative data regarding the psychological disposition of sitting versus standing. The survey consisted of three areas of concern: job boredom, job satisfaction, and job stress. The survey provided to the participants is located in Appendix, for reference. Questions included items referencing, for example, level of tiredness, ability to complete work throughout the day, and amount of stress felt at work.
Data/Statistical Analysis
All statistical analyses were completed using IBM SPSS Statistics Software version 25
(IBM Corp., Armonk, NY, USA). Descriptive statistics and frequencies were calculated.
To determine differences in mean values between conditions (sitting and standing), a paired-samples t-test was used. One subject did not have armband data collected, as there was a malfunction of the armband; therefore only 25 subjects were included in the data analysis of energy expenditure. The paired-samples t-test was executed to determine mean differences in energy expenditure between sitting and standing.
For the questionnaire data, a sum of responses per day per participant was prepared for each section of the survey; an average was calculated per condition. These averages were then analyzed using paired-samples t-tests to determine differences in standing versus sitting. To determine more specific question results, additional paired-samples t-tests were performed for four specific questions from the survey data. Questions included how often participants got bored throughout the day, how slowly time passed, level of stress during the day, and level of job satisfaction. Not all participants answered all questions or sections of the survey; data analysis was restricted to those with completed responses.
Results
This study consisted of 26 participants (4 male, 22 female) from a variety of backgrounds. The subjects had a mean age of 44. Table 2 .
When comparing mean differences between condition averages for survey data, no statistical differences were found. Job boredom mean sums had no significance t(25), 1.531, p = 0.138. Job stress mean sums were not significant t(25), -1.180, p = 0.249. Job satisfaction mean sums also had no significance t(24), -0.247, p = 0.807. Mean differences for average survey data by condition can be found in Table 3 .
Specific question survey data also found no mean statistical differences. All significance levels were greater than the alpha of 0.05. The question regarding boredom during the day was not significant t(25), 1.070, p = 0.295. When asked how slowly the day went by, participants were found to have no significant difference t(25), 0.772, p = 0.448. Participants' stress levels
were not reported to have significant change t(25), 0.370, p = 0.477. Finally, when asked how satisfied they were with their job, there was no significant difference between condition t(24), 0.866, p = 0.395. Mean differences for the specific survey responses can be found in Table 4 . Note: Sample size = 26 for job boredom, slowness of day, and job stress. Sample size = 25 for job satisfaction
Discussion
The data collected in this study show the importance of standing desk usage for office workers. The current study has determined there is a significant difference between sitting and standing energy expenditure while working. Results of this study indicate an average increase of 7 kilocalories per hour while using a standing desk option at the typical workstation.
Previous research by found that the increasing number of overweight or obese individuals may be due to the reduced energy expenditure at work. In a study by Probert and colleagues (2008), it was noted that greater health benefits have been found in individuals that expend a higher amount of energy while at work. Thompson, Foster, Eide, & Levine (2008) determined that lack of movement during the day results in decreased calories burned. Since many individuals possess a workstation that consists of a desk and sedentary chair option, in order to be effective at work, an individual is required to be sedentary, unless provided a standing desk option. In agreement with previous research from , sitstand desks can be a method of decreasing the sedentary nature of work we have been seeing.
Without sacrificing any work time, standing desk options can replace strict sitting time in typically sedentary office workers.
Other previous research by found that standing desks have been found to significantly increase energy expenditure. Reiff, Marlatt, & Dangal (2012) found that standing at a desk rather than sitting was found to increase VO 2 and therefore energy expenditure by 0.34 kilocalories per minute. This value is somewhat larger than the results of the current study; however the Reiff (2012) study was completed on children. If we have found an alternative that does not impact productivity or efficiency of work tasks, standing desks could benefit many individuals.
Similar to the previous study by , which determined that individuals using standing desks burned an average of 0.18 kilocalories per minute more than individuals using typical seated desks, standing was found to increase energy expenditure by an average of 7 kcal per hour in the participants measured in this study. This could be a potential increase of approximately 56 kcal per typical 8-hour workday on average.
Even minor increases such as those found in this study could be beneficial to overweight and obese individuals that typically sit during work. Any increase in energy expenditure could relate to potential for weight loss given all other factors remain constant.
While psychological survey data from this study did not have significant results, comments from participants were positive. Individuals expressed interest in continuing to use standing desk options as a means of changing of routine sitting throughout the day. The survey data may not have been the best representation of the results as they were self-reported Likertscale type questions in which many individuals differ strictly due to tasks they were performing on a given day or other factors in the workplace environment.
Previous research has shown individuals that use sit-stand desks at work feel more comfortable, full of energy, healthier, more focused and productive at work, less stressed, and overall happier . Other studies on standing desks have determined that participants typically feel more alert, have increased levels of concentration, and reduced amounts of fatigue ). During the current study, while not having statistically significant results, participants overall expressed an interest in the standing desks because it made them feel better throughout the day. Participants that previously used the standing option regularly were particularly upset on the days standing was limited.
Several limitations to this study exist. The study was based around participant freedom to choose if/when they were standing on days where standing was allowed. No direction was given to take or not take standing breaks, or on the duration of the standing breaks. While standing times were not reported, participants seemed eager to stand when they were able based on their comments upon completion of the sessions. Another limitation is that individuals do not do the same tasks throughout the day; each participant had a different schedule and work tasks to complete throughout the day. The study was short in duration with only two days of sitting and two days of standing measured. Finally, the study had a small sample size. 
Conclusion
The present study demonstrates significant differences between energy expenditure while standing versus sitting in typical office workers. The study provides evidence that sit-stand desk options may be beneficial as a means of increasing total daily energy expenditure and decreasing sedentary time. Since sit-stand desk options are an effective method of decreasing sitting behavior in office workers, it may be beneficial for employers to add this option to the workstations of their employees. While the current study did not find statistically significant differences between self-reported measures of job boredom, job stress, and job satisfaction, previous studies have indicated positive psychological benefits from standing while working. sitting during transportation/commuting, in the workplace and at home, and during leisure activities (Thorp, Owen, Neuhaus, & Dunstan, 2011) . It is also important to note the differing levels of physical activity throughout the day; there is time for both sedentary behavior and moderate-to-vigorous physical activity (Wilmot et al., 2012) . The important factor is the ratio in which the activities are completed. There must be a balance of physical activity and sedentary activity. The impact of sedentary behaviors on health outcomes is fairly difficult to measure, longitudinal studies are required to strengthen the evidence as an adult health risk.
The negative health impacts of sedentary behaviors are concerning to a population of individuals that continue to increase sedentary activities. Sedentary behavior has been found to be associated with several causes of mortality. An increased risk for all-cause, CVD-related, and all other causes mortality in both men and women, independent of BMI and physical activity results from sedentary behaviors ). Ultimately, participating in sedentary activity could increase your chances of death by a variety of causes.
Other diseases have also been found to be associated with sedentary behaviors. Site specific-cancers, including ovarian, colon, and endometrial cancers have been consistently related to high levels of sedentary behavior (Thorp, Owen, Neuhaus, & Dunstan, 2011) .
Engaging in high levels of sedentary behavior also induces an increased risk for diabetes . Decreasing sedentary time can positively impact diabetes prevention (Wilmot et al., 2012) . Other conditions that have been found to increase risk due to sedentary behavior, independent of physical activity time, include cardiovascular disease, mental disorders, hypertension, and more (Thorp, Owen, Neuhaus, & Dunstan, 2011 Adults can meet guidelines of physical activity, but if they sit for long periods of time, they are still compromising their metabolic health (Owen, Healy, Matthews, & Dunstan, 2010 ).
There are no specific guidelines issued with regards to sitting time. Adults tend to self-report majority of their waking hours either sitting or in light intensity activity (Owen, Healy, Matthews, & Dunstan, 2010) . Time spent sitting is occupying time that could be spent in physical activity. fidgeting activities increased energy expenditure in each subject compared to motionless rates (Levine, Schleusner, & Jensen, 2000) . If energy expenditure differences exist between resting values and the various postural positions, future research may be able to determine methods of implementation to decrease sedentary behaviors and their negative outcomes.
According to the Centers for Disease Control and Prevention, around 70% of adults in the United States are considered to be overweight, with about 38% of that being an obese population ("Obesity and Overweight," n.d.). Obesity can impact many aspects of life, physically, mentally, emotionally, etc.. Obesity can be detrimental to a workplace environment, even increasing rates of workplace injury . It was estimated in 2011 that daily workplace-related energy expenditure has decreased significantly, which may account for the increase in overweight individuals . The higher the level of physical activity in the workplace, the greater the health benefits . calories for men and 124 calories for women . Obese individuals have been noted to spend, on average, over 2 hours longer per day sitting than average individuals (Levine, 2005) . Church et al. also determined that sedentary and light activity has increased while moderate physical activity has decreased.
On average, individuals spend 57% of their waking hours sedentary, 39% in light intensity activity, and only 4% in moderate-to vigorous-intensity time . It has been found that if an individual's usual work habits involve mostly sitting, their leisure time tends to be more sedentary also; while those who are more active at work tend to be more active during leisure time . These increases in sedentary behavior could account for the increase in mean body weight over the last few decades. If lifestyle changes can be created in the workplace, they could translate into leisure time as well.
Overall, total daily activity time is around 8 hours per day; occupational time is around 4-6 hours per day depending on gender; occupational activity was the major determinant of physical activity levels (Csizmadi, Siou, Friedenreich, Owen, & Robson, 2011) . This study also suggested that even increasing levels of light physical activity (between 1.5 and 3 METs) would be helpful in inactive populations. Csizmadi et al. 2011 also determined that even if individuals obtained the recommended levels of physical activity, they still would not have increased their energy expenditure enough to reclassify themselves based on physical activity levels, since they had not decreased their sedentary activities. A balance of increasing physical activity while also decreasing sedentary activity needs to happen.
One study determined that individuals with the highest levels of occupational physical activity and leisure-time physical activity showed a protective association for any chronic disease, the most protective being heart disease . If interventions could be determined to increase both occupational physical activity and leisuretime physical activity levels, perhaps we could improve the obesity problem and decrease sedentary behavior risks.
The previous studies are why intervention studies have begun to determine means of increasing energy expenditure during occupational hours. Many programs have attempted to increase physical activity during work hours. A variety of options exist including sitting on a therapy ball rather than a chair, using a stepping device, walking workstations, standing desks, and many more. Most previous intervention studies have focused specifically on achieving moderate-to-vigorous activity level guidelines, rather than decreasing sedentary time.
Despite the implementation of the previously mentioned interventions as well as nutrition education, it still appears that employees tend to be sedentary during the vast majority of their workday, especially office workers. Immobility throughout the day results in decreased calories burned (Thompson, Foster, Eide, & Levine, 2008) . In order to decrease sedentary behavior and increase physical activity at work, while not sacrificing work efficiency, alternative work methods have been developed. Cardiometabolic health can also benefit from various workstation options, whether they are standing or stepping stations (Lopez-Jimenez, 2015) . Many interventions include interrupting work schedules or occupying breaks to incorporate activity into the day, but if alternatives can be found to promote decreased sedentary time while still able to work as normal, they should be explored.
Since majority of the waking weekday is spent at work, work is the predominant predictor of non-exercise activity. "Walk while you work" desks could change the typical office workstations into activity stations. Walk-and-work desks have been associated with significant increases in energy expenditure above sitting results . determined that individuals tolerated walking work; since they were able to use their computer as normal while still participating in physical activity, there were no interruptions to their workday. If there is no interruption in normal work tasks, walking workstations could be a decent option for workplaces if the feasibility of installing the desks and the financial ability exists.
Significant associations of BMI and waist circumference benefits have been observed when time is spent stepping rather than standing or sitting (Healy, Winkler, Owen, Anuradha, & Dunstan, 2015) . Standing has also been found to have beneficial associations with lipids and fasting blood glucose levels according to Healy et al. 2015 ; treadmill desk options may be the best approach with regards to adiposity benefits. In all, preliminary evidence shows that standing is beneficial for cardio-metabolic risk factors, especially lipid metabolism. If obese individuals spent the same amount of time, on average, 152 minutes per day, standing as lean individuals, they would spend approximately an additional 350 calories per day (Levine, 2005) . If this is the case, standing could be promoted in the workplace setting to decrease risks of sedentary behaviors.
Sitting time has been found to be reduced if individuals are provided an alternative while being able to work at their normal workstation. found that upper back and neck pain declined significantly when standing desks were available, they also found that significant improvements existed for fatigue, vigor, tension, confusion, depression, and total mood change while standing options were available to the participants. The same study determined that if the standing option was removed, the results returned to baseline values. In the Pronk study, participants reported feeling more comfortable, energized, healthier, more focused, more productive, happier, and less stressed as a result of having the sit-stand device installed at their workstation .
Students have also been found to benefit from standing. Significant increases in VO 2 were seen in students from sitting to standing in all subjects, therefore determining increases in caloric expenditure from sitting to standing . Using the results of the Reiff study, additional caloric expenditure could equate to additional weight loss of around 6 pounds per year, simply by standing at a desk rather than sitting. Another study from found that standing at school also improved behavior, attention/focus, and classroom performance in students. If we could begin implementing standing desk options in the classroom, it could carry into an individual's future career habits as well if they get used to standing while working at school at a younger age.
Attempts at reducing sedentary time come from a variety of areas. Results of one study determined that people who do not exercise regularly are willing and able to increase movement activities at work if regularly prompted to do so, based on self-reporting (Cooley & Pedersen, 2013) . This means if all workplaces that put a prompt system in place to remind individuals to take a break from sitting, the impact of postural changes could be stronger. Evans et al. (2012) determined that with prompts, there was no difference on total time spent sitting, but the number of and time spent sitting for prolonged durations was reduced due to prompting and education.
Such reminders could prompt individuals to take a break from sitting occasionally. These reminders could help reduce long duration uninterrupted sitting periods.
Studies suggest that simple breaks in sedentary time have been found beneficial to decreasing risks. Ideas include simply transitioning from sitting to standing position, or from standing still to beginning to walk (Owen, Healy, Matthews, & Dunstan, 2010) . Independent of total sedentary time, moderate-to-vigorous intensity time, and mean intensity of the breaks, more interruptions in sedentary time were associated with beneficial results in metabolic variables . The variables tested by Healy included adiposity measures, triglycerides, and 2-h plasma glucose levels. The findings suggest that not only is the amount of sedentary time important, also how it is accumulated and the duration of uninterrupted sitting periods. Nonsitting alternatives in various environments could be beneficial to the human population such as at the workplace, entertainment venues, in public settings, and more.
It has been recommended to limit sitting time to a maximum of 2 hours per day, and to stand up and move after 30 minutes of strictly sitting . Other recommendations exist that state no more than 2 hours during a typical workday should be spent sitting (Chau et al., 2010) . Therefore, workplace alternatives that offer the ability to change postural positions should be researched. If standing improves sedentary risks, and recommendations include moving after certain amounts of time in strict sitting, workplaces should incorporate the ability to change postural position while still being able to work. Sit-stand desk options are an alternative to offer such changes. Working using a sit-stand desk was found to significantly decrease sitting time in call center workers .
Several studies have looked at the use of standing desks in different settings to determine if they are beneficial in regards to health benefits. One study determined that individuals using standing desks burned an average of 0.18 kilocalories per minute more than individuals using typical seated desks . Since standing desks have been found to expend more energy and calories, they may be beneficial to decreasing sitting time and improving sedentary health risks.
Sit-stand workstations have been created to allow individuals to sit and stand as they please while working. They consist of height adjustable worktables and chairs, the work surface and sitting position can be elevated to a standing position (Ebara et al., 2008) . These sit-stand desks come in a variety of versions, including mechanical or electronic height control, only keyboard surface height adjustment, and more.
Employers specifically target the methods to reduce sitting time while not interrupting work time . The goal is to be able to complete normal work tasks in the normal work location and with normal productivity rates. Cost effectiveness has also been a concern, not all workplaces may be able to install the best option, but if any standing option is beneficial in any mechanism it could be more feasible. The study by Chau determined that participants found had increased productivity due to increased alertness, concentration, and reduced fatigue, particularly during the latter part of the day.
Performance could also be negatively impacted depending on how the individual reacts to a change in postural position while at their normal workstation. Research to determine error estimates or decreased work efficiency is important when changing the work environment. Ebara et al. (2008) determined there was higher work performance while using a sit-stand desk compared to other conditions; in previous research long durations of sitting has been found to negatively impact work performance.
Psychological aspects of work are also impacted by workstation and sedentary behaviors. Other benefits of changing posture while working with an alternative to the typical sitting desk include higher job satisfaction and arousal, as well as less job stress and boredom (Sliter & Yuan, 2015) . Motivation to participate in using sit-stand desks comes from a variety of factors. Participants reported they were interested in decreasing musculoskeletal discomfort, decreasing fatigue, attempting to improve mood, increasing productivity, and more by using the sit-stand desk (Grunseit, Chau, van der Ploeg, & Bauman, 2013) . If we are able to improve all aspects of an individual's life by simply giving them autonomy to control their postural position while at their regular workstation, it could prove to be more beneficial than changing one minor aspect in the workplace.
There have also been studies previously to determine if too much standing is harmful in the workplace. Halim et al. (2012) examined the relationship between certain occupations that typically stand and the muscle behaviors during standing. They found that fatigue occurs in the lower extremities and lower postural muscles most frequently due to performing work in the standing position throughout the day. The study also determined that posture of the workers significantly deviated from neutral throughout the day. It was reported that standing with intermittent sitting is the best solution to minimize discomfort during working tasks (Halim, Omar, Saman, & Othman, 2012) . Sitting is a less strenuous activity because it requires fewer muscles to stabilize the body. The opposite could be held true when comparing sitting work during majority of the day, using more muscles is beneficial. Sitting in long periods of time is also not good for health. It is important to find a balance between sitting and standing activities, especially for workers.
While it may be an early period of research for interventions to decrease sedentary behavior, this is an important area of study. Research should continue to discover the benefits of the variety of methods of changing postural patterns while at work. Some options include increasing physical activity while others are strictly postural change options. The sit-stand desk option seems to allow autonomy for the individual to change postural position as they desire, and to remain at their normal workstation.
Current focus is to determine the impact of standing during normal work conditions on energy expenditure and psychological benefits. 
